A B S T R A C T The enzyme Na+,K+-ATPase was cytochemically localized in the rat hepatocyte by a modification of the Ernst potassium-dependent nitrophenyl phosphatase technique. Measurement of nitrophenol release from 50-,um liver slices confirmed the presence of ouabain-inhibitable nitrophenyl phosphatase activity that increased over the 30-min incubation period. Electron micrographs demonstrated that sinusoidal and lateral membrane reaction product deposition was K+-dependent, Mg++-dependent, inhibited by ouabain but not by alkaline phosphatase inhibitors, and was localized to the cytoplasmic side of the membrane. In contrast, canalicular reaction product was K+-independent, Mg++-dependent, inhibited by alkaline phosphatase inhibitors but not by ouabain, and was localized to the luminal side of the membrane. These findings indicate that Na+,K+-ATPase is localized to the sinusoidal and lateral portions of the rat hepatocyte plasma membrane and is not detectable on the bile canaliculus where alkaline phosphatase is confined. This basolateral localization of Na+,K+-ATPase is similar to that found in epithelia where secretion is also directed across the apical membrane.
INTRODUCTION
The activity ofthe enzyme sodium-potassium-activated adenosine triphosphatase (Na+,K+-ATPase) in hepatocyte surface membrane fractions has been correlated with changes in bile acid-independent bile flow under a variety of experimental conditions (1) (2) (3) (4) . This relationship has led, in turn, to the hypothesis that sodium transport is a major determinant of canalicular bile secretion. However, the precise role of this enzyme in bile formation has not been established and this is, in part, because of uncertainty as to whether Na+,K+-ATPase is localized apically, on the canalicular membrane, or basolaterally, on the sinusoidal and lateral membranes.
In the present study, we have localized Na+,K+-ATPase in the rat hepatocyte by a modification of the Ernst cytochemical technique (5) (6) (7) which exploits the well-described potassium-dependent nitrophenyl phosphatase activity of Na+,K+-ATPase (5 Control media. To distinguish reaction product caused by Na+,K+-ATPase from that caused by nonspecific alkaline phosphatase, sections were also incubated in media which either contained enzyme inhibitors or omitted essential cations as follows: (a) alkaline phosphatase inhibitors (10 mM L-cysteine or 1 mM L-tetramisole),1 (b) Na+,K+-ATPase inhibitor (2.5 mM ouabain), (c) cation dependence: (K+ or Mg++ omission). In addition, alkaline phosphatase activity was specifically localized with 20 mM disodium,f3-glycerophosphate as substrate. As a final control, a substrate-deficient medium was also used. At least four to five separate experiments were performed with each medium.
Ouabain-inhibitable nitrophenol release
To validate the specificity of the reaction in rat liver tissue slices, the release of nitrophenol was measured spectrophotometrically at 420 nm in complete media and in media that contained ouabain without K+ as previously described (5, 8, 9) . Cysteine (10 mM) was added to both media to reduce background alkaline phosphatase activity.
All chemicals were reagent grade. All buffers and lead nitrate were supplemented with sucrose to an osmolality of -310 mosmol (except for fixative and incubation buffers).
1 >95% Purity kindly provided by Dr. J. Piotrowski, American Cyanamid Co., Princeton, N. J.
RESULTS
Total nitrophenol release from liver slices incubated in complete medium increased linearly over 30 min when measured spectrophotometrically. Ouabain-inhibitable activity also increased (averaging 0.25 nmol of nitrophenol released/mg per min) but represented only -10% of total activity.
Electron micrographs of sections incubated in the standard medium showed reaction product on the sinusoidal microvilli, lateral cell membranes, and canalicular microvilli. At high power, sinusoidal and lateral reaction product was always localized to the cytoplasmic side of the membrane (Fig. 1 ) whereas canalicular reaction product was localized to the luminal side of the membrane (Fig. 2) .
Iphibitors of alkaline phosphatase (10 mM cysteine or 1 mM tetramisole) markedly reduced canalicular reaction product deposition (Fig. 3) . Residual canalicular reaction product was confined exclusively to the luminal surfaces of the membrane. In contrast, sinusoidal and lateral reaction product deposition was not diminished and even appeared to increase with cysteine and was always localized to the cytoplasmic side of the membrane (Fig. 3) .
Ouabain, a specific inhibitor of Na+,K+-ATPase, virtually abolished sinusoidal and lateral reaction product deposition even in the presence of cysteine (Fig. 4) but did not affect canalicular reaction product. Similar results were obtained when potassium was omitted from the medium (Fig. 5) . Furthermore, K+ omission did not affect residual canalicular product in the presence of cysteine.
When f3-glycerophosphate, a substrate for alkaline phosphatase but not for Na+,K+-ATPase, was substituted for nitrophenyl phosphate, no reaction product was found on the sinusoidal or lateral membranes but was heavy on the luminal side of the canalicular membrane. Omission of magnesium from the medium markedly diminished both sinusoidal and lateral and canalicular reaction product deposition.
In a substrate-free medium, no reaction product deposition was seen. However, in media that contained nitrophenyl phosphate, fine grains of reaction product were occasionally observed along the nuclear envelope and rarely in association with mitochondria and endoplasmic reticula. Ernst found similar variable reaction product deposition in these subcellular organelles and has demonstrated that this represents artifactual nonenzymatic binding of lead precipitates (6, 7).
DISCUSSION
The Ernst nitrophenyl phosphatase technique has been used to localize Na+,K+-ATPase in a large number of Na+, K+ (12) and immunocytochemical techniques (13, 14) . Our findings in the rat hepatocyte indicate that Na+,K+-ATPase is localized to the sinusoidal and lateral portions of the rat hepatocyte surface membrane and is not detectable on the bile canalicular membrane where nonspecific alkaline phosphatase activity is confined. Although we can not absolutely exclude the possibility that small amounts of canalicular Na+,K+-ATPase activity were obscured by the larger amount of alkaline phosphatase activity, several other observations make this highly unlikely. First, as shown in other epithelia (6-9), K+-dependent, ouabain-inhibitable reaction product deposition is clearly localized to the cytoplasmic side of the membrane. This is consistent with internal phosphate release as predicted from the known membrane asymmetry of Na+,K+-ATPase for its substrates (15) . In contrast, canalicular reaction product was always on the luminal side of the membrane. Repeated examination of high power electron micrographs failed to reveal any reaction product on the cytoplasmic side of the canalicular membrane in any of our studies. Additionally, when residual canalicular reaction product deposition in the presence of cysteine was examined, it was always luminal and was not further reduced by ouabain or potassium omission unlike the sinusoidal deposits. Furthermore, addition of cys-2 Including: avian salt gland (6), rat cornea (10), iguana nasal gland (11), rat renal cortex (7), dogfish rectal gland (8) , and turtle lacrimal gland (9) . teine actually resulted in an increase in basolateral reaction product. This is consistent with the finding that cysteine enhances Na+,K+-ATPase activity in partially purified preparations (16 The basolateral localization of Na+,K+-ATPase in the present study is similar to that found in a large number of secretory epithelia with the sole exception of the choroid plexus where the enzyme was localized apically (18) . Theories of hepatocyte bile formation must take into account this basolateral localization of Na+,K+-ATPase, because our findings if confirmed, are FIGURES 1-5 Electron micrographs of 50-,um liver slices incubated at 37°C for 30 min in media that contained: 20 mM disodium p-nitrophenyl phosphate, 20 mM MgCl2, 30 mM KCI (except Fig. 5 ), 20 mM SrCI, and 250 mM Tris-HCl buffer pH 9.0. Inhibitors were added as indicated.
FIGURE 1 Sinusoidal reaction product is localized to the cytoplasmic side of the microvilli (standard medium). x35,000. 3 In a medium that contained 10 mM L-cysteine, sinusoidal (S), and lateral membrane reaction product deposition is increased and localized to the cytoplasmic side of the membrane while canalicular (C) reaction product is markedly reduced and localized to the luminal side of the membrane. x27,200. FIGURE 4 In a medium that contained 2.5 mM ouabain and 10 mM L-cysteine, sinusoidal (S) microvillar reaction product deposition is virtually abolished. x30,000. obviously inconsistent wvith a simple enzyme-mediated sodium-potassium exchange across the canalicular membrane.
